W ith an estimated 142 million cases per year, Trichomonas vaginalis (TV) is the most common curable sexually transmitted infection (STI).
1 It has been associated with a range of adverse outcomes, including symptomatic vaginitis and urethritis, pelvic inflammatory disease, and adverse pregnancy outcomes. 2 Of increasing concern is its effect on the vaginal microbiome/ susceptibility to bacterial vaginosis (BV) 3, 4 and enhanced acquisition and transmission of HIV. [5] [6] [7] The prevalence of TV varies dramatically between populations. 8 In a nationally representative sample of the United States, for example, the prevalence of TV was 10.3 times higher in African American than non-Hispanic white and Mexican American women. 9 Although TV infection is associated with a number of demographic and behavioral factors, such as number of sexual partners, douching, and socioeconomic status, controlling for all these factors does not eliminate the large ethnic/racial differences in TV prevalence in the United States. 9, 10 Differences in the prevalence of sexual partner concurrency (PC) (partnerships that overlap in time) are 1 possible explanation. Studies with other STIs, such as chlamydia, HIV, herpes simplex virus-2 (HSV-2), and syphilis, have found that differences in network structure, including differences in PC, can explain a large part of the ethnic/racial differences in STI prevalence. [11] [12] [13] [14] [15] An ecological study found a positive association between the prevalence of male PC and female TV in ethnic/racial groups within the United States and in a cross-country comparison. 16 Sexual PC is thought to enhance STI transmission via a number of mechanisms that include enhancing network connectivity and removing the protective effect of partner sequencing.
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These effects are illustrated in Figure 1 , which contrasts the TV transmission possibilities between hypothetical sexual networks where concurrency (left) and serial monogamy (right) are the norm. Whereas all relationships run concurrently in the concurrency network, none do in the monogamy network. Instead, in the monogamy network, 2 new relationships form after a 7-week gap between the ending of a partnership and the commencement of a new one. Both scenarios commence with individual "B" and her partner "A" having TV (red used to depict TV). In the concurrent network the "A-D" and "C-D" partnerships offer pathways for TV to spread to all the partnerships of this network (enhanced network connectivity). These connections are not present in the serial monogamy network, where TV is contained within "A-B" until "B" commences a partnership with "C" which may provide an opportunity for TV to infect "C."
The approximately 10-fold longer duration of colonization of TV in women as opposed to men (58 to 72 weeks for women and 6 weeks for men [18] [19] [20] [21] ) offers a further mechanism for concurrency to enhance the spread of TV. Because TV is rapidly cleared by men, this produces a buffer to transmission in the serial monogamy network, particularly if the duration between old and new partnerships exceeds this duration. This is illustrated in Figure 1 where in the serial monogamy-but not the concurrency network-"D" would be protected from TV acquisition during her partnership with "A" because the gap between partnerships is 7 weeks. Concurrent partnering offers a means for TV to bypass this "rapid-clearance-in-males buffer." 22 At the end of the scenario, TV prevalence is higher in the concurrency network despite a lower total number of partnerships.
In this study, we assess, for the first time, the association between PC and incident TV in a longitudinal cohort.
METHODS
This represents a secondary data analysis of the Longitudinal Study of Vaginal Flora (LSVF). The study recruited 3620 women, aged 15 to 44 years between 1999 and 2003 when they presented for a routine health assessment at 12 clinics in the Birmingham, Alabama area. Women were excluded if they were pregnant or had significant medical or gynecological conditions. All participants provided informed consent, and the study was approved by review boards of the Jefferson County, Alabama Department of Health, the University of Alabama at Birmingham and the Eunice Kennedy Shriver National Institute of Child Health and Human Development Local Institutional Review Boards (OH-99-CH-N023).
Participants were seen at an initial visit then quarterly for a further 4 visits. At each visit, women followed a structured interview performed in private. They were asked a range of questions including a number relating to their sexual behavior and that of their partners since their last visit. For the baseline and follow-up visits, these questions typically referred to the 6-and 3-month period preceding the interviews, respectively.
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Partner Concurrency Women were asked "Do you think that any of your sex partners had sex with anyone other than you in the past 6 months (baseline visit)/30 days (visits 2-5)?" They were asked to choose between the following options which were read out to them: "Yes, definitely," "Yes, possibly," "Do not think so," "Definitely not." If women were unable to answer the interviewer could classify their answer to this question "Unknown" or "Refused to answer." Only on 1 occasion did a person refuse to answer, and we recoded this event as missing.
TV and other STIs
At each study visit, each woman had vaginal and endocervical swabs collected at the time of pelvic examinations. A diagnosis of TV infection was made if either the culture (In-Pouch) was positive or motile trichomonads were seen on microscopy. Vaginal smears were used to diagnose BV via the Nugent method and by Amsel's clinical criteria. 25 Results were not affected when analyzed by Amsel criteria (data not shown), and thus, we restrict the results shown to those using the Nugent method. Bacterial vaginosis was defined in this study as a Nugent score of 7 or more.
Race/Ethnicity
Only 51 women in the cohort were not white or African American. They were classified in 5 other racial/ethnic categories. To simplify the analyses, these 51 women were dropped from the analyses.
Statistical Analysis
Categorical and continuous variables were compared between groups with the χ 2 and Kruskal-Wallis tests, respectively. Mixed-effects logistic regression was used to assess the association between incident TV and PC. The analysis was limited to study intervals where the woman was TV negative at the beginning of the period and thus at risk of TV acquisition. The first study visit was excluded because we did not know when TV found at this visit was acquired. Any consecutive study visits where the woman was positive for TV at the first visit of these visits were also excluded.
Potential Confounders
Factors that could confound the relationship between incident TV and reported PC were controlled for. These were identified based on a literature review and biological plausibility. These include the frequency and type of sex, age, number of sex partners, the use of douching, receipt of metronidazole at the previous visit, race, education attained, use of hormonal and barrier contraception, and the presence of BV at the previous and current visits.
All analyses were done using Stata version 13. A P value of less than 0.05 was considered statistically significant. Intervals with missing data were dropped from the analyses.
RESULTS

Characteristics of the Study Population
A total of 3519 of the 3620 LSVF participants were included in this analysis. They were mainly African American (80.6%) and young (mean age, 25.4 years; SD, 6.95 years). Participant characteristics by reported PC status at baseline visit are detailed in Table 1 . Respondents reporting PC (definite or possible) had a higher mean number of sex partners, and were more likely to report rectal and oral sex than women reporting no PC/unlikely PC. Women reporting PC were also more likely to be African American, report douching and always using condoms. They were less likely to use hormonal contraception. TV was more common in those reporting definite/possible PC (15.6%/15.0%) and unknown PC (18.3%) than those reporting no PC (5.2%; P < 0.001 for all 3 comparisons).
A total of 2926 women contributed 9053 visits to the multivariable model (Table 2) . A diagnosis of TV was associated with both reporting that one's partner definitely (adjusted odds ratio [aOR], 5.4; 95% confidence interval [CI], 3.7-8.0) and possibly (aOR, 3.4; 95% CI, 2.2-5.1) engaged in PC in the preceding period. Reporting "I don't think so" to this question was weakly associated with TV (aOR, 1.5; 95% CI, 1.1-2.0). The presence of BV at the previous and current visits were both positively associated with the presence of TV (aOR, 1.4; 95% CI, 1.1-1.7 and aOR, 2.0; 95% CI, 1.6-2.5, respectively). A number of sensitivity analyses were run. First, because BV may be in the causal pathway between PC and TV, we reran the models removing the presence of BV at the current visit from the analysis. This did not alter the strength of the association between TVand PC (data not shown). Second, the models were rerun using prevalent TV at each of the 5 visits as the outcome variable. This made little difference to the results (data not shown).
DISCUSSION
A strong association was found between incident TV and self-reported PC after controlling for a range of possible confounders. This association has only been found at an ecological level before. 16 Although this is the first time that this association has been established at an individual level, this may be because, as far as we can establish, this association has not been assessed before. Few studies prospectively collect data on both incident STIs and PC, making the LSVF a particularly valuable resource. We cannot exclude the possibility that unconsidered confounders, such as variations in the vaginal microbiome not captured by Nugent's BV categorization, may explain the relationship. The relationship between sexual behavior, TV and other constituents of the genital microbiomes is extremely complex. 23 A number of longitudinal studies have found that BV is a risk factor for subsequent TV infection. 24 In a previous analysis of the LSVF, we found that PC is correlated with BV. 26 Controlling for the presence of BV at the previous and current visits did not, however, attenuate the relationship between TV and PC. This, combined with the findings that TV was an independent risk factor for incident BV in the LSVF (data not shown) and BVa risk factor for TV, 24 suggests that PC may play a role in the transmission of both these conditions and that they may in turn enhance the susceptibility to one another. We were however unable to exclude the possibility that innate differences in vaginal microbiomes may have played a role. 27 A further methodological issue is that more sensitive diagnostic tests (such as nucleic acid amplification tests) are currently available for the diagnosis of TV. The use of less sensitive diagnostic tests in the LSVF would, however, likely have resulted in a nondifferential misclassification bias which would be expected to bias the association between TV and PC toward the null hypothesis. Further limitations include the age of the data set, the possibility of social desirability bias in the reporting of PC and the large number of women dropped from the analysis due to missing data.
PC is thought to play a particularly important role in the transmission of infections like HIV that have a peak of infectivity in a relatively short seroconversion-type period. 28 This is partly related to the fact that in a serial monogamy network, there is a smaller chance that infected persons will still be in the highly infectious acute phase when they start a new partnership. [28] [29] [30] In a concurrent network, there is a higher probability that a recently infected individual will have sex with another individual during the acute period. 28 A similar phenomenon may be taking place with STIs, such as TV, with a dramatically shorter duration in men compared to women. This "rapid-clearance-in-males-bottleneck" may operate as a marked impediment to transmission in a serial monogamy network. Male concurrency enables TV to bypass this bottleneckprovided that the man's gap between sex with each of his partners is less than the 6 weeks duration of TV. In sexual networks characterized by high male concurrency rates, there may be a higher prevalence of TV (and other STIs influenced by concurrency).
This generates a parsimonious theory to explain the considerable differences in STI prevalence between populations. Populations with high network transmissibility index (NTI) as defined by parameters, such as high concurrency prevalence, high rate of partner change, short partnership gaps, age mixing, low condom usage and circumcision, have a more rapid and extensive spread of TV, BV and HSV-2. Bacterial vaginosis then enhances the susceptibility to TV 24 and HSV-2, 31,32 TV to BV, and HSV-2 to BV. 33 They also each enhance the susceptibility to and transmission of other STIs. 24, 34 This enhanced susceptibility/transmission is depicted by broader links/edge weights between nodes in Figure 1 . This heightened transmission will mean that high NTI networks will be not only more connected but also more likely to transmit STIs than low NTI networks. This could help explain the fact that an African American woman from the United States with ! lifetime sex partner has a 4-fold higher probability of being HSV-2 positive than a non-Hispanic white woman with the same partner number. 35 The relationship between number of partners and BV prevalence has been shown to vary in a similar fashion by ethnic group in the United States. 36 The relationship between PC and TV needs to be replicated in other studies. It would be instructive to do so in a prospective cohort that includes high and low STI prevalence subpopulations and regularly characterizes the participants' microbiomes/STIs and relates these to individual, partnership and network-level behavior. Ideally, a proportion of the cohort should be included before sexual debut. This would provide a more rigorous way to assess the role that partnership and network level characteristics, such as PC and the related rapid-clearance-in-males-buffer play in the spread of TV and other STIs. If PC is established as a risk factor for TVacquisition, then this would provide further rationale to ask about PC when taking sexual histories. It could also contribute extra motivation to efforts to reduce the prevalence of PC. These columns refer to the number (%) of visits where a respondent was or was not diagnosed with incident TV by each of the exposure variables. Only visits that were entered into the multivariable model were included. † Mixed effects logistic regression was used to test the association between TV and PC. ‡ P < 0.005. § P < 0.05 || Number of sex partners in the preceding study interval. Continuous variable. ¶ Receipt of metronidazole therapy at the previous visit. This could be metronidazole for BV or TV.
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